Congruency effects are typically smaller after incongruent than after congruent trials. One explanation is in terms of higher levels of cognitive control after detection of conflict (conflict adaptation; e.g., M. M.
The flexibility of the cognitive system can be demonstrated by the changes that occur on the basis of previous experiences. An appropriate way to investigate this is to conduct a sequential analysis on reaction time (RT) data, in which the RT on a trial is investigated with respect to the preceding one. One sequence effect that is interpreted by some authors as an act of cognitive control is the observation that congruency effects are smaller after incongruent than after congruent trials. Gratton, Coles, and Donchin (1992) observed that the flanker effect was smaller after incongruent trials than after congruent trials. This was later replicated in Simon tasks (Stürmer, Leuthold, Soetens, Schröter, & Sommer, 2002) , Stroop tasks (Kerns et al., 2004) , and prime-target congruency effects (Kunde, 2003) . This effect is demonstrated in Figure 1 .
There are basically two ways to explain this sequence effect. One account posits that the effect is a consequence of conflict detection (e.g., Botvinick et al., 2001 ). When conflict is detected on incongruent trials, the processing system is reconfigured in order to reduce conflict on subsequent trials, leading to inhibition of irrelevant information (Stürmer et al., 2002) and/or a stronger focus on the relevant information (Egner & Hirsch, 2005) . This hypothesis is referred to as conflict adaptation. An alternative explanation describes this data pattern in terms of feature repetitions (Mayr et al., 2003) and/or feature integration effects (Hommel et al., 2004; Notebaert, Soetens, & Melis, 2001; Wendt, Kluwe, & Peters, 2006) . The effect can be described as fast congruent trials when a congruent trial was preceded by a congruent trial (C-C) compared with when a congruent trial was preceded by an incongruent trial (IC-C) and fast RTs for incongruent trials when an incongruent trial is preceded by an incongruent trial (IC-IC) compared with when an incongruent trial is preceded by a congruent trial (C-IC; see Figure 1 ). The observation that C-C and IC-IC transitions are relatively fast can be explained in terms of feature repetition/integration as follows. Assume a Stroop task with only two relevant colors (red and green) and two irrelevant words (red and green). C-C transitions are transitions in which both the word and the color repeat (red in red followed by red in red) or in which both change (red in red followed by green in green). The same is true for IC-IC transitions (green in red followed by green in red or green in red followed by red in green). IC-C and C-IC transitions, on the other hand, are by definition transitions in which one of the features is repeated and the other changes (e.g., green in red followed by red in red). It is known that complete repetitions are extremely fast (e.g., Pashler & Baylis, 1991) , but it has also been suggested that complete alternations are faster than partial repetitions (Hommel, 1998; Notebaert et al., 2001) . This is explained on the basis of a process in which stimulus and response features are integrated in an event file (Hommel, 1998) . Because complete repetitions and alternations typically occur on C-C and IC-IC transitions, and partial repetitions typically occur on C-IC and IC-C transitions, feature integration theory can also explain the finding of smaller congruency effects after incongruent trials. The difference between the feature integration account and the feature repetition account (Mayr et al., 2003) is that the repetition account explains the effect only in terms of a benefit for complete repetitions.
In a congruency task with two relevant and two irrelevant attributes there is no way to dissociate conflict adaptation from feature integration because all C-C and IC-IC transitions are complete repetitions or complete alternations, and all IC-C and C-IC transitions are partial repetitions. Therefore researchers have used congruency tasks with more than two relevant and irrelevant stimulus attributes. Kerns et al. (2004) used a Stroop task with three colors and three words. In order to investigate conflict adaptation uncontaminated by feature integration effects, they only analyzed complete alternations and demonstrated that the Stroop effect was reduced after an incongruent trial, in line with the conflict adaptation hypothesis. This strategy has been adopted by many researchers (Akcay & Hazeltine, in press; Kunde & Wühr, 2006; Notebaert & Verguts, 2006; Ullsperger, Bylsma, & Botvinick, 2005; Verbruggen, Notebaert, Liefooghe, & Vandierendonck, 2006; Wühr, 2005; Wühr & Ansorge, 2005) .
To eliminate repetition/integration effects and to study the influence of conflict adaptation, others have applied the strategy of removing target repetitions in congruency tasks with two relevant and two irrelevant stimulus attributes. In particular, Mayr et al. (2003) and Nieuwenhuis et al. (2006) used a flanker task with two targets and two flankers and observed no smaller congruency effects after incongruent trials for target alternations. The problem with excluding only target repetitions is that it is assumed that the influence of feature repetition/integration effects is controlled for. This assumption only holds when complete alternations are faster than partial repetitions, because C-C and IC-IC transitions are complete alternations, and C-IC and IC-C transitions are partial repetitions. It is possible that in some cases complete alternations are actually slower than partial repetitions and that this obscures the effect of conflict adaptation. The problem with this is that the effect of feature repetition/integration in congruency tasks has hardly been investigated while controlling for conflict adaptation (see Akcay & Hazeltine, in press; Hommel et al., 2004) . Another problem with the analyses of Mayr et al. (2003) and Nieuwenhuis et al. (2006) is that all IC-IC transitions are transitions in which the flanker of the previous trial becomes the target (in the case of a flanker task with arrows Ͻ Ͼ Ͻ followed by Ͼ Ͻ Ͼ). These are so-called negative priming transitions and are usually slower than comparable transitions (Tipper, 2001) . Although negative priming is usually studied in prime-probe designs and has not systematically been tested in a serial flanker task, one has to be aware that negative priming could slow down IC-IC transitions.
The recurring problem in this ongoing debate is that there are many correlated factors involved. In this article, we propose an alternative method for analyzing the data in order to dissociate conflict adaptation from feature integration effects. By means of a multiple regression analysis, we estimate the additional effect of conflict adaptation on top of feature repetition and integration effects. This is possible in congruency tasks with more than two relevant and two irrelevant features because in this case there is no perfect correlation between the factors of feature integration and congruency sequence. A similar analysis was proposed in order to dissociate the effects of word length and word frequency on word reading (Kliegl, Grabner, Rolfs, & Engbert, 2004) .
As we see it, the main problem with experimental control is that there is no consensus of how this control should be achieved. Mayr et al. (2003) excluded complete repetitions, Kerns et al. (2004) excluded partial repetitions as well, Notebaert and Verguts (2006) additionally excluded negative priming transitions, and Verbruggen et al. (2006) additionally excluded target-to-distractor transitions. As more and more potential bottom-up confounds are identified, more and more complex designs are required. For example, removing all repetitions (including target-becomes-flanker) requires a design with at least four stimuli/responses. Besides complex designs, the concern about bottom-up confounds leads to more and more data being excluded. This has two obvious downsides. First, there is a loss in statistical power because of data reduction. Second, the types of trials that are included in the analysis represent a very special kind of transition, because they are those trials in which absolutely no features are repeated from the previous trial. This means that conflict adaptation is investigated on one particular type of transition only. In contrast, in a multiple regression analysis all effects can be tested in a task with three relevant and three irrelevant features. Moreover, all factors are tested on the complete set of data. Further, multiple regression analysis is highly flexible because the regression model can easily be extended with an extra factor when a new confounding variable is suspected, making it possible to test new confounds on old data (as we will illustrate below). In contrast, experimental control over a new confounding variable requires a new study and, most important, a more complex design. Yet, multiple regression also has its disadvantages. In particular, the effect of a given factor depends on the inclusion of other (correlated) factors in the regression. This may sometimes make the analysis and its interpretation complicated. Also, the high flexibility of multiple regression comes at a cost: It is not required by the analysis that all possible combinations of levels of the factors are actually observed in the data-yet the analysis will always yield a result regardless of this fact. Hence, some caution is required in setting up the regression analysis and interpreting its results.
To account for between-subjects variance, we first perform the multiple regression analysis separately for each participant, and we then average the coefficients across participants and test them separately with one-sample t tests (Lorch & Myers, 1990) . In a two-step analysis, we first implement the bottom-up predictors and next conduct a new analysis on the residual variance to check whether conflict adaptation can explain variance that was not accounted for by bottom-up effects. Figure 1 . In conflict adaptation terms, the congruency effect (difference between congruent and incongruent trials) is larger when the previous trial was congruent than when the previous trial was incongruent. In feature integration terms, congruent-congruent (C-C) and incongruentincongruent (IC-IC) transitions are faster than incongruent-congruent (IC-C) and congruent-incongruent (C-IC) transitions. All stimuli were printed in red. RT ϭ reaction time.
conflict adaptation in the 200 ms condition but not in the 50 ms condition. This was indicated by the interaction between previous congruency and congruency on complete alternations that was only significant in the 200 ms condition. The remaining trials (in which at least one of the features repeated) indicated an interaction between previous and current congruency in both RSI conditions. This was explained in terms of feature integration effects in both RSI conditions.
Method
For more details see .
Materials and procedure. The stimuli consisted of the words groen [green], geel [yellow], and rood
[red] presented in green, yellow, and red. Participants had to respond as fast as possible to the stimulus color. This resulted in 33% congruent trials and 66% incongruent trials. On 33% of the trials, the irrelevant word was repeated. On 33% of the trials, the relevant color (response repetitions) was repeated. Thirty-four people participated, 17 in each of the two conditions (short and long RSI). Participants completed 720 trials. RSI was set at 50 ms or 200 ms (between-subjects).
We initially reanalyzed the data by means of a multiple regression with five binary (0 or 1) bottom-up factors and RT as the dependent variable. The first factor is the congruency of the current trial, a second is the repetition of the color (response), and the third is repetition of the irrelevant word. The fourth factor is called feature integration, and it codes for complete repetitions and alternations (1) versus partial repetitions (0). Feature integration theory predicts faster complete repetitions and complete alternations than partial repetitions, but the priming account also predicts an effect of this factor because complete repetitions should be faster than all other transitions. As a matter of fact, an analysis with a factor that codes for complete repetitions versus other trials renders exactly the same result as a factor that codes for complete repetitions/complete alternations versus other trials, as both represent an interaction between the color sequence and the word sequence. Two special transitions are also included that have been reported to affect RTs. The first factor is called negative priming and identifies trials in which the irrelevant information of the previous trial becomes the relevant information on the next trial. Only transitions in which both n Ϫ 1 and n were incongruent were identified as negative priming transitions. The final bottom-up factor is identified by transitions in which the relevant information becomes the irrelevant information on the following trial. Participants typically show facilitation in this target-to-distractor condition (e.g., Kane, Hasher, Stolzfus, Zacks, & Connelly, 1994) . This regression analysis with five predictors is performed for every participant.
In the second step, we tested whether conflict adaptation could explain some of the residual variance. We therefore analyzed the residual RTs (i.e., RT Ϫ RT predicted by the bottom-up factors) extracted from Step 1, again separately for every participant. In order to test for conflict adaptation we used a factor that takes on the value of 1 when the congruency status is repeated and 0 when the congruency status changes. Conflict adaptation predicts faster RTs when the congruency status is repeated (C-C or IC-IC) than when it is alternated (C-IC or IC-C). We also implemented the congruency of the preceding trial. This factor was included because Ullsperger et al. (2005) reported a marginally significant slowing after incongruent trials. The regression parameter or ␤ value of each predictor should be interpreted as the unique effect of this predictor on the mean RT. For instance, a ␤ value of Ϫ50 indicates that when this factor takes on the value of 1, RTs are on average 50 ms faster than when this factor takes on the value of 0, when all other factors are held constant.
Results and Discussion
Stroop with RSI 200. Errors and trials following an error were excluded from the analyses. The results of the regression analysis are reported in Table 1 . The results of the first step indicate significant parameter values for congruency, color sequence, word sequence, and Color ϫ Word Sequence. The other two factors, negative priming and target-to-distractor, are not significant. The Note. Irrel-rel refers to trials in which the irrelevant information of the previous trial became the relevant information (negative priming); Rel-irrel refers to trials in which the relevant information of the previous trial became the irrelevant information. Predictors under the line were added in Step 2 of the analysis.
fact that the factor Color ϫ Word Sequence is significant indicates that complete repetitions/alternations are faster than partial repetitions. In the second step, we analyzed the residual variance with two predictors, previous congruency and Congruency ϫ Previous Congruency. Table 1 indicates that there is no effect of previous congruency but a significant contribution of Congruency ϫ Previous Congruency, or conflict adaptation. This means that on top of the bottom-up effects, conflict adaptation explains unique variance.
Stroop with RSI 50. Errors and trials following an error were excluded from the analyses. The results are presented in Table 1 . Again, the same bottom-up factors are significant (congruency, color sequence, word sequence, and Color Sequence ϫ Word Sequence). The second step revealed no effect of previous congruency and no effect of Congruency ϫ Previous Congruency.
In general, the multiple regression analysis confirmed that there is conflict adaptation in the 200 ms condition but not in the 50 ms condition. The results for feature repetition/integration were also clear. Besides a repetition benefit for both the relevant information and irrelevant information, a significant feature integration factor was observed. Whether this is caused only by a benefit for complete repetitions (Mayr et al., 2003) or by a benefit for complete repetitions together with a benefit for complete alternations (Hommel, 1998 ) cannot be dissociated.
Experiment 2 Nieuwenhuis et al. (2006) presented data from several flanker tasks and observed no smaller congruency effects after incongruent trials for target alternations. They suggested that conflict adaptation might be restricted to Stroop and Simon tasks. These authors claim that conflict adaptation might not be observed in a flanker task because the relevant information (target) and the irrelevant information (flanker) are attributes from the same dimension. This is different from a Stroop or Simon task, in which the relevant information (e.g., color) and the irrelevant information (e.g., word) belong to different dimensions. This would mean that conflict adaptation is only operative when the relevant and irrelevant information belong to different dimensions.
Although this suggestion is countered by demonstrations of conflict adaptation in flanker tasks (Notebaert & Verguts, 2006; Ullsperger et al., 2005; Verbruggen et al., 2006) , there remains the issue of why Mayr et al. (2003) and Nieuwenhuis et al. (2006) did not observe a smaller congruency effect after incongruent trials in their flanker tasks. In Experiment 2, we investigate by means of two-step multiple regression analysis whether our finding is also observed in a flanker task. We reanalyze a numerical flanker task in which participants responded to a central number by pressing the corresponding number on a numerical pad. This central number was either flanked by the same number (3 3 3) or by a different number (7 3 7). Note that these data were previously not analyzed in terms of preceding congruency but in terms of current and previous numerical target-flanker distance.
Method
For more details see Notebaert and Verguts (2006) .
Materials and procedure.
The stimuli consisted of one central target and two flankers on each side. Fifteen participants responded as fast as possible to the central number by pressing the corresponding key on the numerical pad of a keyboard. The number 5 was never used as target or flanker. For each target, an equal number of congruent and incongruent trials was presented. There were 148 trials per block, and seven blocks were presented. The RSI was fixed at 800 ms.
Results and Discussion
Errors and trials following an error were excluded from the analyses. The results are presented in Table 1 . The results of the first step present an identical pattern to that of the previous analyses. The effects of congruency, target sequence, flanker sequence, as well as the interaction between target and flanker, were significant. The other two factors, negative priming and target-todistractor, were not significant. The results of the second step reveal no effect of previous congruency but do reveal an effect of Congruency ϫ Previous Congruency, which can be interpreted as conflict adaptation. Just as in a Stroop task with long RSI, conflict adaptation is able to explain unique variance that is not captured by bottom-up factors.
General Discussion
By means of a multiple regression analysis, we demonstrated that conflict adaptation explains unique variance even when feature repetitions and feature integration effects are accounted for. In Experiment 2, we demonstrated conflict adaptation in a numerical flanker task. Although this is not a standard flanker task, the results suggest that conflict adaptation is a general mechanism that occurs in different congruency tasks. The multiple regression account has several advantages over an experimental control in which "unbiased" trial transitions are selected. Nevertheless, this approach also has its own downside, because the explanatory value of a factor depends on the other factors included in the regression. For instance, it is possible that when other bottom-up factors, or interactions between bottom-up factors, are included in Step 1, conflict adaptation might no longer be significant in Step 2. Consequently, the multiple regressions presented here should probably not be interpreted as the ultimate proof for conflict adaptation but rather as an introduction of a new technique in this debate.
